A soy sauce koji mold, Aspergillusflavus var. columnaris Raper and Fennel (ATCC 44310), was treated with UV irradiation to obtain mutant strains possessing high protease activities, high amylase activities, and light-colored conidia. Selected mutant strains were tested for toxicity, and some were found acutely toxic to weanling rats, although all were negative for aflatoxin production.
Studies to modernize the soy sauce fermentation industry in Thailand began in 1978 when a locally isolated yellowgreen Aspergillus strain was recommended for use in soy sauce factories because it was a high protease producer, it was free of aflatoxin and other toxins, and it produced good taste and aroma in the final fermentation product (2) . This strain was first labeled as a strain of Aspergillius oryzae but was later found to conform well to the description of A. flai'ius var. coliiinnaris Raper and Fennel (18) . It was deposited with the American Type Culture Collection as ATCC 44310 under that name. We have used this name since 1980 (2) . However, the strain could also be named A. oiyzae var. viride (vir-idis) if one accepts Murakami (14) as the authority instead of Raper and Fennel (18) . The protease and amylase enzymes of this strain have been isolated and characterized (3, 5, 8) . In the present study, mutants with high protease and amylase activities and color mutants of ATCC 44310 were sought to further improve the quality of Thai soy sauce and Thai soybean paste, in accordance with the expressed wishes of local manufacturers.
During the course of mutagenesis, various colored strains, some with improved protease and amylase production, were obtained, as expected. However, the appearance and disappearance of toxicity in some of the serial mutants were not expected, and the phenomenon has not been previously reported.
For mutagenesis, spores from slant cultures on malt extract agar containing 2% malt extract, 0.1% peptone, 2% glucose, and 2% agar were suspended in sterile distilled water containing 0.05% Tween 80. The suspensions were filtered aseptically through a sintered glass filter to obtain suspensions adjusted to contain approximately 106 spores per ml. These spore suspensions (10 ml) were placed in 9-cm-diameter petri dishes and exposed with continuous stirring to a 15-W germicidal lamp at a distance of 40 cm for 10 min in a sterile chamber.
To screen for mutants with high protease activity, we spread 0.1-ml aliquots of diluted, irradiated spore suspensions onto prepoured petri plates of skim milk agar containing 1% skim milk, 0.04% potassium dihydrogen phosphate, 0.075% disodium hydrogen phosphate septahydrate, 0.05% magnesium sulfate septahydrate, 1.5% agar (Difco Laboratories, Detroit, Mich.), and 0.1% Triton X-100. After incubation at 30°C for 3 days, colonies which showed increased * Corresponding author.
clearing zones when compared with their parent strains were selected. Using skim milk agar plates that contained exactly 20 ml of medium and were incubated at 30°C for 5 days, we determined the proteolytic activity of selected strains by calculating protein hydrolysis indices (PHI), i.e., the ratio of the diameter of the clearing zone to that of the colony (19) .
A similar method was used to screen for mutants with high amylase activity on cornstarch agar plates containing 2% cornstarch, 0.1% yeast extract, 4.9% Czapek Dox broth (Difco), 2% agar, and 0.1% Triton X-100; starch hydrolysis indices (SHI) were determined as described above for PHI. Color mutants were detected on malt extract agar plates containing 0.1% Triton X-100.
Enzyme activities of strains with high PHI and SHI were further tested with wheat bran koji extracts. Erlenmeyer flasks (125 ml) containing 5 g of wheat bran thoroughly mixed with 5 ml of distilled water were sterilized by autoclaving and then cooled to room temperature before being inoculated with 0.3 ml of a spore suspension (108 spores per ml). After incubation at 30°C for 5 days, they were extracted with 5 ml of 0.05 M phosphate buffer (pH 7.0). The filtered extracts (Whatman no. 1 filter paper) were designated crude enzyme extracts and represented a filtrate/wheat bran ratio of 1:1 (wt/vol). Total protease activity was assayed by the modified Anson method (1), and ot-amylase activity was assayed by the Neo Amylase Test (Daiichi Pure Chemicals Co. Ltd., Tokyo, Japan).
The toxicity assays and thin-layer chromatography aflatoxin assays of selected mutant strains were carried out by previously described methods (2) .
After mutagenesis of strain ATCC 44310, 62 mutants with high protease activity, 10 mutants with high amylase activity, and 46 color mutants were selected on the basis of desirable color and high PHI and SHI. The most notable of these strains are listed in Table 1 . These strains did not sector upon subculturing and, when compared with the parent strain (ATCC 44310), grew and sporulated normally on malt extract agar, except for U106, which grew and sporulated slightly less. However, U106 had elevated protease and amylase activities on wheat bran koji when compared with the parent strain ( Table 1) .
Mutants with light-colored and reddish brown conidia were desired by soy sauce producers to modify product color, and high-enzyme producers were selected to obtain better solubilization of the soybean-flour mixture during soy sauce production. Because of its overall characteristics of NOTES Table 1 . Before soy sauce production testing, all of the strains shown in Table 1 (including ATCC 44310) were tested for aflatoxin production and for acute toxicity in weanling rats as previously described for ATCC 44310 (2) . All of the strains were negative for aflatoxins B1, B2, G1, and G2, as determined by thin-layer chromatography with a lower limit of sensitivity of 25 ng. However, we were surprised to find that three of the mutants were acutely toxic for the test animals in the petroleum ether-insoluble fraction at a dose equivalent to 50 g of moldy rice per rat. Two strains (U212 and U1638) were nontoxic revertants of toxic mutant U106 (Table 1) .
Nakadai and Nasuno (15) previously reported that peptidase-and proteinase-hyperproductive mutants of A. oryzae were successfully induced by one-step UV irradiation. Also, Nasuno et al. (16, 17) succeeded in isolating A. sojae mutants with gradually increasing protease production by multiple-step mutagenic treatment, i.e., activities 2.1, 4.2, and 6.1 times that of the original parent strain. Although the increases obtained in our study were not of the same magnitude, they were compensated for by the high starting activity of the parent strain, ATCC 44310 ( Table 2 ). The protease-negative mutant (U1638) might be useful in physiological and genetic studies concerning the control over extracellular protease production.
The occurrence of toxicity in mutants U598 and U106, derived from ATCC 44310, was unexpected. This toxicity could not be attributed to aflatoxins, and the toxicity would have been missed if testing had included only a chromatographic examination with aflatoxin standards, as is common practice in many studies. However, fungi in this group, including varieties of A. oryzae, are known to produce other toxic compounds (4, 12) . For example, Moss (13) stated that, "Although A. oryzae, which is so extensively used in food fermentations of the Far East, does not produce aflatoxins, it may produce other toxic metabolites." Among these, he listed maltorhyzine and many variants of the amino acid anhydride aspergillic acid. Also, kojic acid is a common metabolite of this species (11) (12) (13) (14) , and Wicklow (21) reported isolates of A. oryzae that produce cycoopiazonic acid. It is possible that the toxic metabolite(s) from the mutants described here is one of these compounds.
One might wonder, in light of this information, why fermented soybean products have such a long history of safety in East Asia and why there are no reports of poisoning resulting from accidental contamination by toxigenic molds.
One major factor may be the short duration of the koji cultivation phase in these fermentations. It usually does not exceed 72 h (20, 23) . Most fungal toxins are secondary metabolic products, and maximum concentrations are usually obtained after cultivation times much longer than 3 days (e.g., 8 to 21 days). For example, maximum production of kojic acid in special media occurs after approximately 2 weeks of cultivation (11) .
Another factor may be the effect of substrate components on toxin production. Soybeans, for example, have been reported to be a relatively poor substrate for aflatoxin production (7) . Yet another factor may be the effect of the prolonged and microbiologically complex fermentation phase which follows the koji fermentation. For example, little is known of the potential detoxifying capacity of the microbes or microbial products in the moromi fermentation of soy sauce production and in miso. Although disputed (9) for soy sauce, Manabe and Matsura (10) have reported on the degradation of added aflatoxin in miso. It is already known that the proteases and amylases of koji molds remain active at the high salt concentrations in a moromi mash, albeit at a reduced rate (5, 8) . It is also known, for example, that kojic acid declines in axenic cultures of producer fungi upon extended cultivation beyond the day of peak concentration (11 Wicklow (21, 22) proposes that characters of potential adaptive value in wild populations have been lost or altered during the process of domestication. For example, when compared with wild strains, koji molds seem to lose toxinproducing ability and to acquire larger conidia, which germinate more rapidly in factory conditions (22) . Wicklow (21) suggests that the loss of biosynthetic pathways for toxins has resulted because the specific metabolites are of no adaptive value to the fungus. Our results indicate that this loss may derive from the altered expression of the relevant genes rather than the loss of the genes. We found that mutant U106, derived from nontoxic ATCC 44310, was toxic but that mutant U212, derived in turn from U106, was not (Table   1 ). It is unlikely that a single mutagenic treatment could have deleted all the genes necessary for the relevant biosynthetic pathway and that a succeeding one could have restored them. An examination of the genetics of such toxic and nontoxic congenic mutants may help to clarify the mechanisms governing toxin expression.
In conclusion, one must concede that all the fungi in the A. flaviis-A. oryzae group are potentially toxigenic. Strain development for the food industry by mutagenesis or other genetic techniques must include broad toxicity testing (not only for aflatoxins), even if the original parent strain(s) has been demonstrated to be nontoxigenic. 
